Introduction
The arid and semi-arid regions of Bahawalpur, Pakistan are categorised as poor soil without adequate soil nutrient replenishment and contain a negligible amount of organic matter. The limited availability of resources to farmers and droughts are the main causes of low agricultural production (Arshad et al., 2007) . The declining soil fertility coupled with arid environment increases the crop failure threats. Extensive use of chemical fertilisers is common which leads to serious environmental and food quality degradation as well as increasing cost of fertilisers (Lal et al., 2010) . Globally, sustainable crop production practices with renewable resources are getting attraction. Use of organic wastes is considered a valuable resource to improve soil fertility, agriculture production with less dependence on chemical fertilisers and helps in recycling of solid wastes (Randolph et al., 2017) . Soil organic carbon is declining in various agroecology due to soil oxidation and erosion (Chappell et al., 2019) . Application of organic amendments in the form of manures originated from plants, animals, poultry, humans, rock phosphate enriched compost (RPEC), and vermicompost are useful to control the depletion of soil organic carbon (SOC) (Mahmoodabadi et al., 2013) . Composting technology successfully utilises and transforms organic wastes into a value-added product, suitable for agricultural productivity (Onwosi et al., 2017) . There is a need to improve organic matter of soil of arid and semi-arid regions through recycling organic matter and other bioresources (Alluvione et al., 2013) . Rock-phosphorus enriched compost is more advantageous than chemical fertiliser as organically bounded P is less susceptible to sorption and precipitations and it also stimulates microbial activity by addition of carbon (Malik et al., 2012) . It improves soil quality and plant nutrition by improving soil properties and soil enzymes through activities of microflora (Caravaca et al., 2005) .
There are abundant microorganisms flourishing in plant rhizosphere known as plant growth promoting rhizobacteria (PGPR). They influence plant growth and development positively through conferring one or more growth promoting characteristic . A number of PGPR possess symbiosis and exert their beneficial effects on plant growth and enhance plant resistance to environmental stresses (Vessey and Buss, 2003) . They can also help to alleviate stress in plants grown in the arid and semi-arid environments through adopting a number of mechanisms to increase the plant growth, grain yield, and quality . These mechanisms are atmospheric N fixation, P, K, and Zn solubilisation, enzymatic activities viz. catalase, protease, amylase, and chitinase activities, production of volatile organic compounds, siderophores, phytohormones viz. indole acetic acid (IAA) and pathogen suppression by producing antibiotics (Ahemad and Kibret, 2014; Mittal et al., 2017) . PGPR secreted numerous acid metabolites viz. citric, lactic, gluconic, 5-keto-gluconic, oxalic, succinic, tartaric and propionic acids having ability to convert non-labile form of minerals in to labile form (Chen et al., 2006; Alori et al., 2017) . So, their use along with organic amendments have been emerging as a useful tool to improve nutrients availability and soil quality which help to increase plant growth and yield (Khan et al., 2015) .
Application of organic amendments increases soil fertility through improving its physical, chemical, and biological properties (Chen et al., 2018) . Soil biological activities determined the yield potential of a specific soil. Application of PGPR and organic amendments significantly improved soil biological properties viz. SOC, microbial biomass carbon (MBC), and useful microbial population which are important for sustainable yield production (Bertrand et al., 2015) . SOC content can be enhanced in soil through organic inputs by plants, animals and microbial residues like manure, peat, compost, biochar, and slurry which help in restoring soil fertility and suppression of soil borne pathogens (Tejada et al., 2009; Scotti et al., 2015) . Combined use of PGPR and organic amendments reduced fertiliser requirement (Moharana et al., 2018) . Individual role of PGPR and organic amendments are well known in literature however, information about their combined use is limited. The combined use of these organic sources could be an effective approach to improve crop growth, yield, and soil health even under stress conditions. Keeping in view the above facts, the combined application of PGPR in terms of Alcaligenes sp. AZ9 and organic amendment were evaluated to improve the growth and yield of maize, nutrient concentration in grains and soil biological attributes.
Materials and methods

Collection of organic amendments and Alcaligenes sp. AZ9
The organic amendments viz. biochar, RPEC and humic acid were evaluated in the current study. Biochar was prepared from maize straw as described in Hussain et al. (unpublished) . The RPEC was obtained from the Environmental Sciences Laboratory, Institute of Soil and Environmental Sciences (ISES), University of Agriculture Faisalabad (UAF), Pakistan (Ditta et al., 2015) . The 50% humic acid (Warble Pvt. Ltd. Pakistan) was purchased from local market of Bahawalpur, Punjab, Pakistan. The chemical analysis of biochar and RPEC were performed and given in Hussain et al. (unpublished) . The plant growth promoting bacterial strain Alcaligenes sp. AZ9 (Accession # KU494828) was also obtained from the Environmental Sciences Laboratory, ISES, UAF, Pakistan (Hussain et al., 2015) . The Alcaligenes sp. AZ9 was positive for phosphorus (P) solubilisation, zinc (Zn) solubilisation, 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity and IAA and siderophores production (Hussain et al., unpublished) .
Field experiments
A field experiment was conducted in the Farm Area of University College of Agriculture and Environmental Sciences (UCA&ES), The Islamia University of Bahawalpur (IUB), Punjab, Pakistan with the aim to evaluate the combined application of biochar, RPEC, humic acid and Alcaligenes sp. AZ9 to improve growth, yield and quality of maize. Alcaligenes sp. AZ9 was grown in nutrient broth for 24 h and inoculum containing approximately 10 11 cell mL -1 (Mumtaz et al., 2018) was coated on RPEC. Soil of the current field study was sandy loam having 35.5% saturation percentage, 7.93 pH, 1.39 dS m -1 electrical conductivity (EC), 0.31% SOC, 0.52% organic matter, 0.05% total N, 0.05 mg kg -1 available P, and 86.0 mg kg -1 extractable K. Maize variety (Pioneer 31R88) was used as test crops in the present experiment. A set of 10 treatments were used in this experiment with three replications in randomised complete block design (RCBD). The treatments were T1: control, T2: Alcaligenes sp. AZ9, T3: rock phosphate enriched compost (RPEC) -0.5 tons ha -1 , T4: humic acid (HA) -24.7 kg ha -1 , T5: biochar -0.5 tons ha -1 , T6: RPEC (0.5 tons ha -1 ) + AZ9, T7: HA (24.7 kg ha -1 ) + AZ9, T8: biochar (0.5 tons ha -1 ) + AZ9, T9: RPEC (0.5 tons ha -1 ) + HA (24.7 kg ha -1 ) + Biochar (0.5 tons ha -1 ) and T10: RPEC (0.5 tons ha -1 ) + HA (24.7 kg ha -1 ) + Biochar (0.5 tons ha -1 ) + AZ9. The recommended dose of NPK 175, 160, and 125 kg ha -1 respectively were applied in terms of urea, diammonium phasphate and sulphate of potash respectively. Full P and K fertilisers were applied as basal doses at the time of field preparation. N fertiliser was split into two equal doses and applied at the time of maize sowing and one month after germination. Field was irrigated on demand with available source of good quality underground water. Crop data were collected in terms of growth, yield and nutrients concentration in grains upon crop harvest. After crop harvest, soil samples were analysed for various soil biological characteristics as discussed below.
Growth and yield observation
The growth and yield attributes in terms of plant height, shoot fresh and dry biomass, 1000-grains weight, grain yield and stover yield was determined. Plant height was measured at maturity with the measuring tape. Fresh and dry biomasses were recorded after the harvesting of maize. The 1000-grains were counted and Article N o n -c o m m e r c i a l u s e o n l y weighted to estimate the data of 1000-grains weight. The grain and stover yield were estimated from each treatment and data was represented in tons ha -1 .
Quality parameters of grains
For nutrient analysis, grain samples were digested as described by Wolf (1982) . According to this method, oven dried ground grains (0.1 g) were taken in digestion tubes along with H2SO4 (2 mL) in digestion tubes and kept for 24 h at 25°C. On next day, H2O2 (1 mL) was added in tubes and heated up to 350°C for 30 min on the hot plate. Further H2O2 (1 mL) was also added in tubes and heated for 20 min. These steps were repeated for colourless appearance of digestion material. After that, distal water was added in filtered extract up to 50 mL. N content of filtrate was determined by using the Kjeldahl method (Jackson, 1958) . The P and K contents in extracts were determined by following the methods of Ashraf et al. (1992) and Chapman and Pratt (1961) , respectively.
Soil analysis after harvest
After crop harvesting, soil samples were collected and analysed for colony forming units (CFU), MBC, SOC and saturation percentage. Bacterial CFU was estimated by using standard serial dilution and pour plate method (Nichols et al., 1997) . MBC was estimated by the chloroform fumigation and extraction method (Jenkinson and Ladd, 1981) . SOC was estimated by adopting the method of Khalil and Osborne (2018) . The saturation percentage of soil sample was calculated by following the formula reported by (Sarfraz et al., 2017) .
Statistical analysis
The field experiment was conducted using RCBD. Data regarding growth, yield, macronutrient parameters of maize attributes and soil parameters after harvesting were analysed statistically using software 'Statistix 8.1 ® ' for analysis of variance (ANOVA) and means were compared by using least significant difference test (Steel et al., 2007) .
Results
A field experiment was conducted to evaluate the effectiveness of organic amendments viz. RPEC, biochar and humic acid with/ without Alcaligenes sp. AZ9 to improve maize growth, yield and nutrients concentration in grains. Their investigations are being discussed as follows.
Plant growth
Here, we reported maize growth in terms of plant height, shoot fresh and dry biomass (Table 1) . Variable responses were obtained from applied treatments. Although a significant increase in plant growth attributes was observed with sole application of organic amendments along with Alcaligenes sp. AZ9 while, their combined application was more capable to promote plant growth. The maximum increase in growth attributes was observed with the combined application of Alcaligenes sp. AZ9 and organic amendment viz. RPEC, biochar and humic acid. This treatment showed an increase up to 14, 30, and 30% in plant height, shoot fresh and dry biomass as compared to absolute control.
Maize yield
The effect of sole and combined application of organic amendments with/without Alcaligenes sp. AZ9 on yield attributes is shown in Table 2 . Yield attributes i.e. 1000-grain weight, grain yield and stover yield was significantly promoted over absolute control. The combined application of organic amendments viz. RPEC, biochar and humic acid with Alcaligenes sp. AZ9 reported a better increase in yield attributes. The maximum increase in 1000-grain weight up to 10%, grain yield up to 31%, and stover yield up to 34% were observed with combined application of RPEC, biochar, humic acid and Alcaligenes sp. AZ9 as compared to control.
NPK concentration in grain
The quality parameters like NPK concentration due to organic amendments with/ without Alcaligenes sp. AZ9 in grain were nonsignificant to each other however, they were significantly different as compared to absolute control (Table 3) . Results revealed that N, P and K accumulation in grain due to applied treatments ranged from 2.4 to 2.6%, 0.5 to 0.6% and 2.7 to 3.0%, respectively. The combined application of RPEC, biochar and humic acid with/ without Alcaligenes sp. AZ9 showed a maximum increase in N and P and were non-significant to each other. The maximum increase in K concentration (up to 12%) was demonstrated by the combined application of RPEC, biochar and humic acid with Alcaligenes sp. AZ9 that was non-significant with their combined application without Alcaligenes sp. AZ9.
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Soil attributes
Soil attributes in terms of bacterial population, SOC, MBC and saturation percentage were observed after maize harvesting as demonstrated in Figures 1-4 . The application of organic amendments along with/without Alcaligenes sp. AZ9 causes a significant increase in these attributes as compared to their sole application.
The combined application of RPEC, biochar and humic acid along with Alcaligenes sp. AZ9 showed a maximum increase in bacterial population up to 60%, SOC up to 29%, MBC 22%, and saturation percentage up to 14% over absolute control.
Discussion
The replenishment of nutrients reserve after crop harvest is necessary to improve soil productivity of farming systems. The nutrients can be renewed through the combined application of PGPR and organic amendments. Soil microbial population, MBC and SOC along with maize growth and yield were increased in the present experiment due to use of organic amendments along with Alcaligenes sp. AZ9 in the soil.
Soil microbial and biochemical properties are very reactive to small changes in management practices and can be used in estimating the effects of use of organic amendments. Microbial population in the soil is involved in organic matter decomposition and transArticle Table 2 . Impact of combined application of enriched compost, biochar, humic acid and plant growth promoting rhizobacteria on growth and yield parameters of maize crop in a field trial. Data are shown as mean of three replicates; means followed by the same letter(s) within the column are not significantly different according to least significance difference (LSD) test at P≤0.05. Table 3 . Impact of combined application of enriched compost, biochar, humic acid and plant growth promoting rhizobacteria on quality parameters of maize and bacterial population after harvesting the crop in a field trial.
Treatments N in grain (%) P in grain (%) K in grain (%)
2.4 ef (2) 0.5 cd (3) 2.7 cd (.4) T3 = Rock phosphate enriched compost 2.4 ef (2) 0.6 cd (4) 2.7 cd (1) T4 = Humic acid 2.5 cd (6) 0.6 cd (4) 2.7 cd (1) T5 = Biochar 2.5 de (4) 0.6 bc (7) 2.7 cd (1) T6 = RPEC + Alcaligenes sp. AZ9 2.5 bc (7) 0.6 bc (6) 2.8 bcd (4) T7 = Humic acid + Alcaligenes sp. AZ9 2.6 abc (8) 0.6 bc (7) 2.8 bc (4) T8 = Biochar + Alcaligenes sp. AZ9 2.6 abc (9) 0.6 abc (8) formation and cycling of minerals (Paul, 2016) . In the present study, the combined application of organic amendments along with Alcaligenes sp. AZ9 improved soil attributes in terms of soil microbial population, MBC, SOC and saturation percentage that could be due to the more labile fraction of organic matter in upper soil layers. Organic amendments are slowly decomposed and sustain microbial biomass population through the continuous release of nutrients (Murphy et al., 2007; Tejada et al., 2009) . Microbial population could play a key role in enzymatic activities, mineralisation of soil organic carbon, availability of nutrients and substantially changes the bacterial community structure (Hartmann et al., 2015) . There is a strong correlation between soil fertility and SOC content as a result of enhanced microbial diversity (Chakraborty et al., 2011) . Previously, long term experiments have been demonstrated that use of organic amendments improve soil biological properties such as microbial population, MBC and enzymatic activity, and water holding capacity (Ros et al., 2006; Tejada et al., 2009; Schulz et al., 2014; Chen et al., 2018) . Among evaluated organic amendments in the current study, biochar application in presence of Alcaligenes sp. AZ9 showed better ability to promote plant growth and yield attributes. Previously, Saxena et al. (2013) reported increased growth of French bean due to the application of biochar and Bacillus sp. Biochar possesses a porous structure that may promote the survival and activity of Alcaligenes sp. AZ9. Biochar-amended soil represented larger rhizosphere zones of plants (Prendergast-Miller et al., 2014) . It improves root traits like root extension, biomass, volume and surface area that alleviate plant nutrients, water deficiency and also maximise biomass accumulation (Xiang et al., 2017) . The organic amendment had the ability to improve nutrients availability and their retention in soil that improved the crop growth and yield as we observed in the current study. Increase in plant growth and yield were more with the combined application of organic amendments and Alcaligenes sp. AZ9. Bacterial strains mobilised the nutrient availability through acidification and chelation that ensured nutrient availability (Perez-Montano et al., 2014) . The organic amendments along with bacterial strains could result in the production of more organic acids, carbon sequestration, enhanced the storing of slow release of nutrients for mineralisation and improve soil physical and chemical fertility (Chakraborty et al., 2011; Chen et al., 2018) . Application of RPEC, biochar and humic acid individually or together when combined with Alcaligenes sp. AZ9 significantly enhanced nutrient accumulation as indicated by increased nutrient content in maize grains. It might be due to increase in MBC, SOC and a microbial population that improved N, P, and K availability.
Alcaligenes sp. AZ9 had the ability to reduce induced ethylene production through its ACC-deaminase enzyme as well as exopolysaccharides production. Moreover, the strain had P & Zn solubilisation, production of siderophores and IAA, which might be the reason for the improvement in plant growth and yield in a better way (Hussain et al., unpublished) . Bacteria with such traits are very effective for better growth, nutrients use efficiency and grain yield (Mumtaz et al., 2017 (Mumtaz et al., , 2018 . PGPR have the ability to produce ammonia, which is utilised by the plant as a source of N (Zafar-ul-Hye et al., 2013) . Replenishment of organic matter derived from microbial biomass and plants is critical to ensure long-term soil fertility and sustainable crop production. Application of organic amendments individually or together, combined with Alcaligenes sp. AZ9 could decrease chemical fertilisers requirement for crop production. It will also be effective to use organic resources as nutrient sources to fulfill biomass production.
Conclusions
The current study concluded that the combined application of organic amendments and Alcaligenes sp. AZ9 promoted soil biological attributes, maize growth and productivity more efficiently. It may also lead to contribute towards healthier soil, plant, and grains. It may reduce the dependence on chemical fertilisers, which are too costly and hazardous for the environment as well. The farmer's community can get maximum profit from their limited resources by adopting this environmental friendly technique.
